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METHODS

Study population and sample size
The study population consisted of 124 healthy schoolchildren (aged between 12 and 15 years)
INDIAN PEDIATRICS 234 VOLUME 47 __ MARCH 17, 2010 scheduled for a regular health check in April and May 2007. Forty two (34%) children were from Pancevo where Serbia's largest petrochemical facilities and oil refineries are situated. These individuals were labeled as 'exposed group' (EG). The living conditions in Pancevo are characterized by a high concentration of chemical industries, and the close proximity of industrial zones to residential areas (12) . Eighty two children from Kovacica village, located 30 km north of Pancevo, formed the 'non-exposed group' (NEG). The main occupation of parents in the municipality of Kovacica is agriculture. Dietary habits are similar for both locations.
Sample size was determined according to Hopkins(13) , using the formula N=32/ES 2 where ES is the smallest effect size worth detecting (smallest difference worth noticing divided by standard deviation, expressed in the same units). The ES for our study was 0.55. With Type I error of 0.05 and Type II error of 0.2, the sample size was calculated as 119 with unequal number of subjects in two groups (39+80). Informed consent was obtained from children and their parents prior to enrolment in the study. The institutional review committee of the Faculty of Pharmacy, University of Belgrade and committees of both Health Centers' approved the study protocol.
Air pollution monitoring in Pancevo
Air pollution in Pancevo was determined according to standard operating procedures (14) from the air pollution monitor network. The mean concentrations of benzene, total suspended particles, polycyclic aromatic compounds and benzopyrenes were more than the maximum allowable concentrations (MAC) on most days in three years preceding the survey, whereas the levels of sulphur dioxide, nitrogen dioxide, ammonia, toluene and total precipitated matter were below the MAC on all days during this period. Air pollution data from Kovacica were not available as it is not monitored because of its distance from industries.
Blood sampling and analysis
Venous blood was drawn from the antecubital vein after overnight fasting and samples were stored at -80° C in aliquots, until analysis. For malondialdehyde (MDA) determination, butylated hydroxytoluene (BHT, 0.05% w/v) was immediately added to the plasma (0.2 mL) before storage, and for the measurement of superoxide anion (O 2 -), plasma from heparinized blood samples was used immediately. Leukocyte count was determined by a combination of flow impedance and light absorbance using a Pentra 60C+ analyser (Horiba ABX, Montpelier, France). Glucose, total cholesterol (TC) and triglycerides (TG) were assayed by routine enzymatic methods using an ILab 300+ analyser (Instrumentation Laboratory, Milan, Italy) and Randox Laboratories (Armdore, UK) reagents. High-density lipoprotein cholesterol (HDL-C) was measured using the same method (as above) after precipitation of the plasma with phosphotungstic acid in the presence of magnesium ions. Apolipoprotein A-I (apoA-I) and apolipoprotein B (apoB) were measured by immunoturbidimetry using the ILab 600 analyser and Dialab (Vienna, Austria) reagents. The concentration of low-density lipoprotein cholesterol (LDL-C) was calculated using the Friedewald formula (15) . The plasma concentration of lipoprotein(a) [Lp(a)] was measured using immunoturbidimetry (BIOKIT, Barcelona, Spain). The lipid tetrad index (LTI) was calculated using the formula [TC × TG × Lp(a)]/HDL-C(16) and the lipid pentad index (LPI) was calculated using the formula [TC × TG × Lp(a) × apoB]/apoA (17) .
Parameters of oxidative stress
To determine the OS index, we used the thiobarbituric acid-reacting substances (TBARs) assay that measures the quantity of the malondialdehyde (MDA)-TBA 1:2 adduct described previously by Girotti, et al.(18) . The rate of nitroblue tetrazolium reduction was used to measure the level of O 2 -, as previously described (19) . Plasma superoxide dismutase (SOD) activity was measured according to a previously published method (20) . The method for plasma lipid hydroperoxide (LOOH) determination is based on the oxidation of Fe 2+ to Fe 3+ under acidic conditions (21) . The plasma advanced oxidation protein product (AOPP) concentration was determined using standard method (22) . VOLUME 47 __ MARCH 17, 2010 VUJOVIC, et al.
OXIDATIVE STRESS AND INDUSTRIAL POLLUTION
Determination of Paraoxonasi-1 (PON1) status involved the measurement of PON1 activity towards two substrates [paraoxon (POase activity) and diazoxon (DZOase activity)] and the subsequent assessment of PON1 192 activity phenotype. Rates of POase and DZOase activity were measured spectrophotometrically using a UV/VIS Ultrospec III spectrophotometer (Pharmacia LKB, Cambridge, UK) in serum according to the method described by Richter and Furlong(23, 24) . The PON1 192 phenotype (QQ, QR or RR) was predicted after examination of the two-dimensional plot of diazoxon vs. paraoxon hydrolysis rates and also by calculating the DZOase/POase activity ratio (24) .
Statistical methods
The differences between the groups with continuous variables were statistically tested using the Student's t test for normally distributed variables. As the distributions of TG, Lp (a), LTI, LPI, HDL-C, POase, O 2 -, MDA, AOPP and the O 2 -/SOD ratio were skewed, logarithmic transformation of the values was performed before statistical comparisons. The distribution of LOOH concentrations was not normally distributed even after logarithmic transformation so they were compared using the MannWhitney test. Because obesity can influence the OS status (25) , the BMI (body mass index) was used for analysis of covariance in order to determine the adjusted means. Categorical variables and phenotype distributions between the study groups were compared using the Chi-square test. Two-tailed P values less than 0.05 were considered statistically significant. All analyses were conducted using MedCalc ® (Mariakerke, Belgium) version 9.3.90.
RESULTS
Basic demographic and biochemical characteristics of the two examined groups are shown in Table I . 22 subjects in exposed group (EG) and 37 in nonexposed group (NEG) were males. The mean age and body mass index of children in NEG were significantly greater than those in EG. There were no significant differences in the basic biochemical 
BMI, body mass index; TC, total cholesterol; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol;HDL-C, high-density lipoprotein cholesterol; apoA, apolipoprotein A-I; apoB, apolipoproteinB; Lp(a), lipoprotein(a); LPI, lipid pentad index; LTI, lipid tetrad index; * Mean values derived from log normal distribution given as geometric mean values (95% CI).
INDIAN PEDIATRICS 236 VOLUME 47 __ MARCH 17, 2010 parameters between the two groups. The EG exhibited a higher level of OS (demonstrated by an elevated MDA concentration) when compared to the NEG (Table II) . SOD activity was significantly lower in the EG compared with the NEG (P=0.043). DZOase and POase activities showed no significant differences between the two groups, although in the EG both enzymatic activities were lower. The adjusted MDA concentration in the EG was significantly higher than that in the NEG (P=0.002).
There was no statistically significant difference in the PON1 192 (Table III) .
DISCUSSION
The increase in CVD in Serbian adults (11) and the fact that risk factors are established at a young age indicate the necessity to investigate possible contributors in young populations. We evaluated the potential influence of outdoor air pollution on OS in schoolchildren in two nearby localities having distinct living conditions (12) .
Total suspended particles (TSP) of smaller size have been shown to penetrate the alveolar epithelium causing local inflammation and OS. The systemic inflammatory response to particulate air pollution and its relationship to adverse coronary events in (4, 6, 25) . Polycyclic aromatic hydrocarbons (PAH) can induce OS indirectly through its biotransformation by liver enzymes to generate redox active quinones which act as catalysts for free radical production (5, 6) . In vitro reactive oxygen species (ROS) formation has been shown to be highly correlated with PAH content in air (6) . The oxidation of membrane lipids, one of the primary events during oxidative cellular damage, can be assessed by measuring plasma MDA concentrations, a late-stage OS biomarker of injured cells and subcellular structures (26, 27) . Our finding that increased MDA concentrations in children belonging to the EG was consistent with a study by Zalata, et al.(28) .
In our study, the LOOH level, a marker of early damage to cellular membranes, lipoproteins and other lipid containing molecules (21, 29) did not significantly differ between the two groups. However, an elevated MDA concentration(10) and a tendency for AOPP to increase (30) in the EG indicated long term (chronic) exposure to air pollution in Pancevo.
Protective HDL function is primarily via the enzyme paraoxonase 1 (PON1) which hydrolyzes lipid peroxides in human atherosclerotic lesions (31) (32) (33) . PON1 has a common coding region polymorphism, a glutamine (Q) to arginine (R) substitution at position 192, which is associated with a number of pathophysiological conditions such as CVD and some others (31) . It is well-documented that PON1 192RR isoform is less capable for antioxidative protection than PON1 192QR or PON1 192QQ isoforms (32) . The activities of PON1 and SOD were analyzed as indicators of the AOD status. Significantly lower plasma SOD activity, which indicated a reduced ability of SOD to remove ROS, was noted in EG. We detected reduced PON1 activity in children exposed to air pollution, although this difference did not reach statistical significance. Lower POase and DZOase activities in children from the EG was particularly evident and reached statistical significance in PON1 192RR risk phenotype carriers.
A limitation of our study was the absence of air pollution related data in the Kovaica village, which we assumed as non-exposed group. It would have been interesting to see whether the air pollution levels are actually less at a distance of 30 Km from industries but the absence of monitoring in this village precluded this analysis. Children from NEG had significantly greater BMI and they were significantly older than children from EG but they were not in the state of OS. Greater BMI and older age could lead to higher OS parameters and lower AOD parameters values (34) . On the contrary, children from EG, even younger and thinner, were in OS state.
In conclusion, there is an enhanced oxidative stress and a fall in anti-oxidant defense in children exposed to industrial pollution. Increase in serum MDA concentration and decrease in plasma SOD activity in the exposed children could be an indirect response of cells to increased oxidative challenge attributable to air pollution. These findings support the view that air pollution increases oxidative stress and suggest a metabolic self-defense adaptation mechanism of antioxidant systems following exposure to air contaminants.
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WHAT IS ALREADY KNOWN
• Oxidative stress and weakened antioxidative defense are factors in cardiovascular disease pathogenesis and carcinogenesis.
WHAT THIS STUDY ADDS
• Healthy children living near petrochemical industries in Serbia have increased oxidative stress and decreased anti-oxidant defense mechanism.
